Background: Cardiovascular diseases (CVDs) have dramatically infiltrated populations living in abject poverty in Low-and Middle-income Countries (LMICs), and poor maternal and child health outcomes have been frequently reported for those with CVD risk factors. However, few studies have explored the behavioral risk factors of CVDs among pregnant women in rural settings. This study aimed at determining the prevalence and identifying the socio-economic predictors of behavioral risk factors of CVDs among pregnant women in rural area in Southern Nepal. Methods: A Community-based cross-sectional study was conducted in 52 clusters of Dhanusha District of Nepal in a total of 426 pregnant women in their second trimester using multistage cluster sampling method. Multivariable logistic regression model was used to assess independent associations between behavioral risk factors during pregnancy and maternal socio-economic characteristics. Results: Of the 426 study participants, 86.9, 53.9, 21.3 and 13.3%, respectively, reported insufficient fruits and vegetables consumption, insufficient physical activity, tobacco use, and harmful alcohol drinking. Socio-economic factors significantly associated with more than one behavioral risk factors in expectant mothers with a primary level education (adjusted odds ratio (AOR) 2.78; 95% Confidence Interval (CI) (1.35-5.72)), 20-34 years age group (Adjusted Odds Ratio (AOR) 0.27; 95% CI (0.13-0.56)), and those with the highest wealth index (AOR 0.36; 95% CI (0.16-0.84)). Conclusion: Higher prevalence of behavioral risk factors for CVDs and their socio-economic factors prevailing among pregnant women living in rural Nepal call for immediate health promotion interventions such as community awareness and appropriate antenatal counseling.
Introduction
Cardiovascular diseases (CVDs) include disorders of heart and blood vessels, and are usually associated with atherosclerosis, heart attacks, strokes, valvular diseases, congenital heart diseases and arrhythmia [1] . Mortality resulting from CVDs reached 17.7 million globally in 2015, which represented 31% of all global deaths. Of the CVD deaths, more than three quarters took place in low-and middle-income countries (LMICs) [2] . Cardiovascular diseases, which are typically viewed as diseases of the wealthy, have dramatically infiltrated those living in abject poverty in LMICs [3] , and accounted for a substantial burden of non-communicable diseases in Nepal. Studies [4, 5] revealed a prevalence of about 5% for coronary heart diseases among adult population in Nepal. A study by Dhungana et al. found high prevalence of risk factors of CVDs such as smoking, alcohol consumption, insufficient fruit and vegetable intake, daily salt intake, overweight and obesity, and hypertension among rural Nepalese residents [6] .
Smoking, alcohol consumption, inadequate physical activity and inadequate fruit and vegetable intake are well-established modifiable behavioral risk factors of CVDs [7] . Globally smoking accounts for 10% of deaths attributed to CVDs, and this figure is gradually increasing in LMICs, alcohol is responsible for 6 and 1% of deaths among men and women, respectively, whereas inadequate physical activity and insufficient fruit and vegetable intake contribute nearly 33 and 10%, respectively, to the burden of ischemic heart disease [7] .
The spectrum of CVDs in pregnancy encompasses congenital heart disease, valvular heart disease, ischemic heart disease, peripartum cardiomyopathy, hypertensive disorders, and venous thromboembolism. Furthermore, the global burden of CVDs in pregnancy has increased alarmingly in parallel with the rising prevalence of behavioral risk factors among women of reproductive age [8] .
Addressing the risk factors of CVDs in pregnant mothers is crucial not just for reducing adverse pregnancy outcomes such as low birth weight, fetal and infant mortalities, and potential congenital defects, but for reduction of CVDs among mothers as well [8] [9] [10] [11] . Cardiovascular diseases are exacerbated by physiological changes in pregnancy and contribute to maternal mortality and morbidity, and delay in health care response [12, 13] , which has important impacts in resource constrained settings as rural Nepal. In Nepal, the 2013 non-communicable disease risk factor survey (STEPS) revealed national prevalence of tobacco use of 30.8%, alcohol consumption of 17.4%, inadequate fruit and vegetable consumption of 98.9%, and inadequate physical activity of 3.5% [14] . Studies on impact of the combined effects of behavioral health risk factors on longevity showed that these risk factors increased mortality rates in both genders [15, 16] . In addition, a higher percentage (9 to 15%) of pregnant women have been reported to drink alcohol during pregnancy in Nepal [17, 18] . However, these studies were limited in terms of describing the prevalence of behavioral risk factors and their predictors.
Identification of the behavioral risk factors of CVDs among pregnant women is an important global public health issue, but very limited studies have sought to identify behavioral risk factors of CVDs in pregnant women residing in rural settings. In this study, we aimed to determine the prevalence and to identify socio-economic predictors of behavioral risk factors of CVDs among pregnant women living in rural southern Terai of Nepal.
Methods

Study design, setting and sampling
We employed community-based cross-sectional study design. We used baseline data obtained from the 'MATRI-SUMAN' , a randomized controlled trial of a capacity building and text messaging intervention designed to enhance maternal and child health service utilization among pregnant women residing in rural Nepal [19] . The baseline data included socio-demographic information and CVD risk factors -tobacco use, alcohol consumption, fruits and vegetables intake and physical activities.
The study was conducted in Dhanusha district of Nepal. Dhanusha, one of the 75 districts of Nepal, is situated in the southern part of the country (also known as 'Terai' in local language). Dhanusha is a district of considerable cultural and historic importance. It occupies an area of 1180 sq. km in southern Terai province and is located at an altitude of between 61 and 610 m. It borders three districts -Siraha, Mahottari and Sindhuli to the east, west, and north, respectively, and India to the south. The main residents of Terai are from the Maithili ethnic group and the adult literacy rate is 69% [20] . Administratively, this district comprises one municipality and 101 Village Development Committees (VDCs) and has an estimated population of 754,777 in 2011. VDC is the smallest administrative unit of a district [20, 21] . Data for this study were collected from eligible pregnant women from July to September 2015.
We used multi-stage cluster sampling technique to identify study participants. One primary health care center and one health post of Dhanusha district were selected purposively for the study. These health facilities were chosen because these were the only government-funded maternal and child health (MCH) services facilities available in these areas. No healthcare services were available from the private or not-for-profit sectors, which helped to evaluate the true impact of the government MCH services. These two health facilities consisted of 12 VDCs (54 wards), and populations in these VDCs ranged from 3500 to 19,000 [22, 23] . From each health facility, three VDCs were randomly selected so that study area constituted a total of six VDCs. In total, there were 54 clusters (nine in each VDC), but we excluded two clusters because they were situated in semi-urban areas. Complete enumeration of all households having pregnant women with gestational period between 13 to 28 weeks (2nd trimester) from the selected clusters of six VDCs was performed. Pregnant women were identified using antenatal care register maintained by Female Community Health Volunteers (FCHVs). Of the 453 eligible pregnant women, 426 gave consent to participate in the study. The details of study design can be found elsewhere [19] .
Data collection
Structured interview questionnaire was used to collect information from a pregnant woman and the interview was taken place at participant's home. Enumerators were trained in research tools, interview process and measurement of variables. Field coordinators experienced in CVD risk factors supervised enumerators to ensure the quality of information. Preliminary questionnaires were checked and pre-tested in an adjacent district and necessary modifications were made. The questionnaire consisted of two parts: i) baseline characteristics of respondents; and ii) behavioral risk factors of cardiovascular diseases (tobacco use, alcohol consumption, fruit and vegetable consumption and physical activity).
The major outcome variables were behavioral risk factors of CVDs among pregnant women. CVDs risk factors were operationalized based on the standard definitions to ensure their comparability and to minimize error. If the participants had been using tobacco of any form (smoke or smokeless) and alcohol for last 30 days, they were considered as current users. Women who were using tobacco daily were defined as current daily tobacco users. Likewise, women having five or more drinks a day in past 30 days were labeled as current episodic heavy drinker. Consuming 341 ml of beer or 43 ml of home-made alcohol was equivalent to one standard drink (13.6 g of pure alcohol) [24] . If a person took at least five portions (400 g) of fruits and vegetables per day, it was considered as sufficient. One cup (250 ml) of raw green leafy vegetables and a half cup (125 ml) of cooked or chopped raw vegetables was equivalent to one serving of vegetables. Similarly, one portion of fruits was defined as one whole medium sized fruits like apple, banana or orange and ½ cup of chopped, cooked, canned fruit or a half cup of fruit juice [25] . We used "show cards" associated with food frequency questionnaire to collect data regarding fruits and vegetables intake during pregnancy.
We adopted World Health Organization (WHO) global recommendations on physical activity for health (adult) guideline to measure physical activity level among pregnant women in our study. Physical activity includes activities during travel, recreation and work. It was evident from this guideline that more active people are less likely to have metabolic and cardiovascular risks. WHO recommended moderate-intensity physical activity (at least 150 minutes per week) can help to reduce such risks among adults [26] . In rural (Terai) Nepal, women are generally engaged in the household chores and farm activities, and these activities fairly meet the criteria of moderate-intensity physical activity level [14] . Participants were asked various questions regarding their physical activity levels and based on their response the enumerator recorded hours spent on daily household, travel, recreational and occupational activities. Based on recorded hours of time on various activities, the researchers then recoded these activities into two equalized categories (i) less than 150 minutes per week of moderate-intensity physical activity (Physical inactivity) and (ii) more than 150 minutes per week moderate-intensity physical activity (Active physical activity).
The independent variables comprised: age, caste/ethnicity, place of origin, religion, education, occupation, wealth index, and parity, which were adapted from the Nepal demographic and population health survey 2011 [27] . Caste/ethnicity was based on the caste base system in Nepal: disadvantaged-Dalit, disadvantaged-Adibasi/ Janajati, and advantaged-Brahmin and Chhetri [28] .
Data analysis
Data were compiled, checked, cleaned and verified carefully to ensure consistency and then entered into database systems using Epi-info data version 3.1. Data analysis was carried out using SPSS version 20 for Windows. Univariate analysis was performed to describe the distributions of the four risk factors of cardiovascular diseases (tobacco use, alcohol consumption, physical inactivity and insufficient fruit and vegetable consumption). Associations between various factors such as, ethnicity, women education and wealth index and CVDs risk factors were analyzed first by bivariate analyses using chi-square test. A multivariate regression model was used to assess independent associations between risk factors during pregnancy and maternal socio-economic characteristics. Factors which were significant (p < 0.05) in bivariate analysis were selected for multivariable analysis and adjusted odds ratios (OR) and 95% confidence intervals (95% CI) were obtained. A p-value of < 0.05 was considered statistically significant. Further, to determine the simultaneous presence of behavioral risk factors and possible predictors, a number of risk factors in each pregnant woman was recorded (range of 0-4 behavioral risk factors). A model was used for a number of simultaneous risk factors; each woman was dichotomized as having less than two or having two or more behavioral risk factors (< 2 vs. ≥ 2). This dichotomized variable was used as outcome variable [29] .
Ethical considerations
Ethical approval for Matri-Suman trial was obtained from the Nepal Health Research Council, Nepal (Approval no: 101), the ethics committee of the Institute of Medical Sciences, Banaras Hindu University, India (approval no: ECR/526/Inst/UP/2014 Dt.31.1.14), and from the District Public Health Office, Dhanusha, Nepal (Ref. 2245). The objectives of the study were clearly explained to all participants and written informed consent was obtained before data collection. Personal identifiers were removed before data analysis. Table 1 shows the prevalence of behavioral risk factors for cardiovascular diseases. Of the 426 study subjects, majority (86.9%) of them reported insufficient fruits and vegetables consumption, more than half (53.9%) mentioned insufficient physical activity, 21.3% reported tobacco use of any form (smoke or smokeless), and 13.3% as having harmful alcohol consumption. Table 2 presents the socio-demographic details and the prevalence of behavioral risk factors for cardiovascular diseases among expectant mothers. The highest percentage of the study subjects (68.1%) were from 20 to 34 years of age. Most study subjects were from upper caste (62.0%), of Terai origin (71.8%), and Hindus (91.8%). Slightly more than a quarter of the study subjects had never been to school (25.4%), 68.5% were engaged in occupation other than agriculture, 29.1% belonging to lower socioeconomic strata, and 39.2% were primipara (pregnant for the first time).
Results
Chi-square test demonstrated that participants' baseline characteristics-(age, caste/ethnicity, women education, and wealth index), (age, caste/ethnicity, birth origin, women education, women occupation, wealth index and parity), (caste/ethnicity, women education and wealth index), and (age, caste/ethnicity, women education, and wealth index) were respectively, strongly associated with tobacco use, alcohol use, insufficient fruit and vegetable intake, and insufficient physical activity (p < 0.05) ( Table 2) .
The results of multiple regression analyses for risk factors of CVD are presented in Table 3 Women from Terai origin (AOR 2.06; 95% CI (1.07-3.9)), primigravida (AOR 2.88; 95% CI (1.16-7.13)), primary education (AOR 0.15; 95% CI (0.52-0.48)), second wealth index (AOR 0.16; 95% CI (0.04-0.68)) and fourth wealth index (AOR 0.13; 95% CI (0.03-0.54)) were less likely to consume fruit and vegetable.
Regarding physical inactivity, respondents aged 20-34 years (AOR 4.84; 95% CI (2.22-10.57)), Adibashi/Janajati women (AOR 5.14; 95% CI (2.29-11.53)), upper caste (AOR 3.19; 95% CI (1.72-5.92)), Muslim/Buddhist (AOR 2.94; 95% CI (1.14-7.57)), primary education (AOR 3.59; 95% CI (1.58-8.14)), secondary education (AOR 0.45; 95% CI (0.21-0.94)), wealth indices middle (AOR 0.40; 95% CI (0.16-0.95)) and fourth (AOR 0.29; 95% CI (0.14-0.74)) were less likely to be physically inactive.
The results of multiple regression analyses for behavioral risk factors of CVDs among pregnant women with associated risk factors are presented in Table 4 . Expectant mothers with primary level education (AOR 2.78; 95% CI (1.35-5.72)) were more likely to have ≥ 2 behavioral risk factors than illiterate women or women with a higher educational level.
Women aged 20-34 years (AOR 0.27; 95% CI (0.13-0.56)) had a lower chance for more than one behavioral risk factors than those of either lower or higher age group. Similarly, women belonging to the highest wealth index (AOR 0.36; 95% CI (0.16-0.84)) were less likely to have more than one behavioral risk factors compared to lower wealth quintile.
Discussion
This study provides the prevalence and socio-economic predictors of the four major behavioral risk factors of CVDs: insufficient fruit and vegetable consumption, insufficient physical activity, use of tobacco and harmful alcohol consumption by pregnant women. We noted this as the first ever study from rural Nepal that focused on predicting behavioral risk factors of CVDs among pregnant women.
The most common behavioral risk factor of CVD in pregnant women is the insufficient intake of fruits and vegetables, which concurs with the findings from a nationwide survey on risk factors of non-communicable diseases and with other studies conducted in different parts of Nepal [6, 14, 30] . These studies reported that insufficient fruits and vegetables consumption among pregnant women could be attributed to poverty that might have caused rural women not to afford adequate amount of fruits and vegetables. The other studies also supported that low income level prevents from consuming adequate fruits and vegetables [31, 32] . Another possible reason for less intake of fruits and vegetables during pregnancy could be associated with seasonal and geographical availability of such foods. In Nepalese culture, fruits consumption is not considered a priority compared to main cereals in their daily meals, most importantly rice and wheat. Cultural practices to avoid more hot foods during pregnancy is prevalent due to the belief that pregnancy is considered as hot state [33] . A study conducted by Christian et al. [34] described that foods such as peppers, lime and tamarind, sweet foods and green leafy vegetables that are fibrous and hard to digest, have been avoided during pregnancy in Terai, Nepal. Likewise, it is believed that eating sufficient mangoes is considered as a cause of abortion. Some of the cultural beliefs for not eating sufficient foods include 'causing harm to mother and/or baby' and 'not enough space for baby in stomach' [34] . Lack of physical activity during pregnancy was the second most common behavioral risk factor of CVDs among our study subjects with a prevalence of 53.9%, which is similar to that found in other Nepalese studies [6, 35] , but significantly greater than those found in nationwide non-communicable disease survey [36] . This could result from the general belief among Nepalese and promoted by some grassroot level health care providers that physical activity leads to miscarriage, poor fetal growth or premature delivery. A systematic review on physical activity during pregnancy suggests that some light-to-moderate physical activity is protective for maternal and child health outcomes such as pre-eclampsia, gestational hypertension and premature birth [37] . Physical activity guidelines around the world has recommended moderate intensity exercise such as brisk walking and other leisure time activities for pregnant women [38] , therefore, appropriate counseling regarding optimal physical activity during pregnancy could reduce the risk of CVDs associated with inadequate physical activity. High rates of tobacco use (21.3%) and alcohol consumption (13.3%) among pregnant women are other key findings from the present study. Previous studies from Nepal also identified a higher prevalence of tobacco and alcohol use during pregnancy [17, 39] . The reason behind increasing tobacco use could be the widespread availability of a range of tobacco products, which made it easier to access for everyone even in rural areas. One of the most common form of tobacco used in rural parts of south Asian countries, including Nepal is Bidi (a dried and crushed tobacco flakes rolled by hand in tendu (Diospyrus) leaf ) that contains higher amount of nicotine and tar than cigarette [40] .
Similarly, brewing different types of traditional alcoholic beverages at home in rural Nepal [41] , most commonly by women, could be one of the common reasons of a high rate of alcohol consumption by pregnant women. In Nepal, a nationwide study reported that cereals (rice, barley and millet) and sugar are commonly used ingredients to prepare home-brewed alcohol. Ethanol concentration on home-brewed alcohol were 14.0% (3 to 40%) for distilled and 5.2% (1 to 18.9%) for non-distilled forms [41] . Locally brewed alcoholic beverages are considered culturally acceptable to drink even by pregnant women in some ethnic groups. This could be due to lack of awareness about the harmful effects of these products to mother and fetus during pregnancy. Health promotion strategies should, therefore, include general awareness programme to reduce these maternal behavior risk factors of CVDs.
Interestingly, our study demonstrated the association between educational level, age and wealth index of respondents with more than one behavioral risk factors of CVDs. Adjusting for potential confounders yielded more direct evidence of the contribution of these parameters to the prevalence of risk factors for CVDs among pregnant women in rural Nepal. Poor level of awareness on negative effects of behavioral risk factors of CVDs during pregnancy could be associated with low level of literacy. Similarly, poor access to adequate fruits and vegetables could be associated with poverty in rural areas. Several studies [39, 42, 43] are in line with our study findings. For example, level of education and age factors were associated with physical inactivity [42, 43] . Targeted educational campaigns and poverty reduction strategies should be recommended to reduce behavioral risk factors of CVDs among women in rural settings.
Despite our efforts to explore this important topic in the Nepalese context, this study should be evaluated in the light of some limitations. First, the information we collected was obtained by self-reporting, and thus, is subject to informant bias. Second, our study did not consider information about nutritional status of pregnant women (e.g. under or over nutrition status by body mass index) which is considered to be one of the major factors of understanding these risk factors [44] . Third, because the study was performed in southern plain area, its findings may not be generalizable for hilly or mountainous regions. Thus, it would be imperative to conduct similar types of studies in hilly and mountainous regions 
